C olorectal cancer is a well-recognized sequela of patients with longstanding inflammatory bowel disease (IBD). The overall incidence of colon cancer in ulcerative colitis is 3 per 1000 person-years, representing a 5-fold increase above that in the general population (0.6 per 1000 person-years). 1 Cancer susceptibility in Crohn's disease, the other major category of IBD, is also increased. 2 Current preventive measures to diminish colorectal cancer mortality in IBD patients consist of periodic surveillance colonoscopies with random biopsies, combined with total colectomy if dysplasia or cancer is found. However, challenges regarding the management and early detection of inflammatory bowel disease-associated neoplasia (IBDN) still remain. 3 For example, precancerous dysplastic lesions may escape detection due to sampling error. Moreover, morphologic alterations associated with chronic inflammation make the diagnosis of dysplasia difficult and prone to subjective interpretation. Another challenge concerns the distinction between IBDNs and sporadic adenomas or cancers developing in the IBD setting. This distinction is important, since IBD-associated neoplasia warrants total proctocolectomy, while sporadic adenoma or adenocarcinoma may be treated by local excision alone. 4 Such considerations underscore the need to develop novel biomarkers and diagnostic strategies to screen IBD individuals for colorectal cancer.
MicroRNAs (miRs) are small, noncoding RNA molecules that have emerged as key regulators of various cellular processes. 5 Compelling evidence links abnormal miR expression to several human diseases, including cancers. 6 For example, transfecting the miR-17-92 cluster into hematopoietic cells dramatically accelerates lymphomagenesis in MYC-transgenic mice 7 , while conditional overexpression of miR-155 in the B-cell lineage leads to the development of pre-B-cell leukemias. 8 The miR-15a/16-1 cluster acts as a tumor suppressor by controlling expression of bcl2 antiapoptotic protein, and expression of this cluster is lost or downregulated in most chronic lymphocytic leukemia patients. 9, 10 The miR-106b-25 cluster represses p21/BIM expression and allows transformed cells to escape transforming growth factor beta (TGFb)-induced cell cycle arrest and apoptosis. 11, 12 Despite growing evidence implicating miRs in carcinogenesis, there are no published studies on involvement of miRs in IBD-associated neoplastic transformation. A recent report described major alterations of miRNA in ulcerative colitis, a form of IBD. 13 Our data extends the findings of this study in IBDN. In the present study we performed a global search for altered miR expression at the transition point from chronic inflammation to neoplasia. We then assessed expression levels of miR-31 at each stage of IBD-neoplastic transformation. We also identified factor inhibiting hypoxia inducible factor 1 (FIH-1), an inhibitor of hypoxia inducible factor 1, as a direct target of miR-31.
MATERIALS AND METHODS

Specimen Collection
Through multicenter collaborations, we established a cohort of 175 fresh-frozen specimens consisting of 55 normal colonic specimens from 14 patients without a history of IBD or cancer, 35 chronically inflamed and 22 noninflamed matched specimens from 35 IBD patients, 11 IBDdysplasias, 37 IBD-cancers, and 15 sporadic colorectal cancers. All specimens were obtained under approved Institutional Review Board (IRB) protocols at the Johns Hopkins University, University of Maryland, and Mount Sinai School of Medicine. Normal tissues were collected from patients with no IBD or gastrointestinal (GI) cancer history. The summary of clinical data for each disease group is illustrated in Table 1 . Detailed clinical data for the neoplastic specimens is shown in Table 2 .
RNA Extraction
TRIzol reagent (Invitrogen, Carlsbad, CA) was used to extract total RNA. One hundred nanograms of total RNA was used for each microarray and 10 ng for each individual miR-RT-PCR analysis.
MiR Microarrays
Microarray assays were performed on eight chronically inflamed and eight IBD-dysplastic specimens using miR Labeling Reagent and Hybridization Kits (Agilent Technologies, Palo Alto, CA) and Human miR Microarray Kits (Agilent Technologies). The 100 ng of total RNA from each sample was phosphatase-treated and then labeled with Cyanine 3-pCp. The labeled RNA was purified using Micro Bio-spin columns (Bio-Rad, Hercules, CA) and subsequently hybridized to a human miR microarray slide at 55 C for 20 hours. After hybridization the slides were washed with Gene Expression Wash Buffer (Agilent Technologies) and scanned on an Agilent Microarray Scanner using Agilent's Scan Control v. A.7.0.1 software. Raw hybridization intensities were obtained using feature extraction software.
Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)
MiR array results were validated via qRT-PCR using TaqMan MiR Assays (Applied Biosystems, Foster City, CA). U6 small nuclear RNA was used for normalization. N, normal from patients without IBD or colorectal cancer history; N-IBD, normal ''unaffected'' specimens from IBD patients; IBD, ''affected'' chronically inflamed specimens from IBD patients; IBD-Dys, dysplastic specimens from IBD patients; IBD-C, cancer specimens from IBD patients; SCRC, sporadic colorectal specimens from patients without any history of IBD. Ascending  MD-PD  T3N0  33  F  UC  IBD-C  Rectum  MD  T3N0  51  M  UC  IBD-C  Cecum  WD  T1N0  38  M  UC  IBD-C  Sigmoid  MD-PD  T3N0  58  F  UC  IBD-C  Rectum  PD  T3NX  57  M  UC  IBD-C  Rectum  MD  T3bN1  49  M  UC  IBD Quantitative PCR was carried out in duplicate for each sample for both the RNU6B control and each miR.
Statistics
For MiR microarray data, transformation was applied to set all negative raw values at 0.1, A filter on low gene expression was used so that only probes expressed (flagged as present) in at least one sample were kept. Samples were grouped in accordance with their status and compared using Significance Analysis of Microarrays (SAM) using as threshold a minimum of 2-fold difference. qRT-PCR data was analyzed by average fold-change analysis in combination with Student's t-test. Associations between miR expression levels and other tissue demographic parameters (IBD type, IBD disease length and activity, cancer grade or stage, anatomic location, age, and gender) were evaluated using Student's ttest.
We used the area under the empirical receiver operating characteristic (ROC) curve to summarize the ability of hsa-miR-31 qRT-PCR test result to discriminate patients with IBD-related colon cancer or dysplasia from a normal patient or from a noninflamed or chronically inflamed nonneoplastic IBD patient specimen. We used bootstrapping with 500 iterations to estimate the 95% confidence interval for the area under the ROC curve.
Transfection of miR Mimic
HCT-116 colon cancer cell lines were used for miR transfections. Synthesized RNA duplexes of miR mimics (agomiRs) were purchased from Dharmacon (Lafayette, CO); 30-50% confluent cells were transfected with 60 nM of each miR mimic using Lipofectamine RNAi MAX (Invitrogen, Carlsbad, CA). RNA and protein were harvested after 72 hours of transfection. Nonspecific controls for mimics were used as negative controls.
Western Blotting
Cells were lysed in Laemmli sample buffer (BioRad) with a protease inhibitor, (Roche, Basel, Switzerland). Protein concentration was estimated using a BCA Protein Assay kit (Pierce, Rockford, IL). Cell lysates (20 ng) were electrophoresed on 10% polyacrylamide gels (Bio-Rad) and transferred to Immobilon-P SQ polyvinylidene difluoride membranes (Millipore, Bedford, MA). The membranes were blocked with TBS containing 5% skim milk and 0.1% Tween-20, then incubated with FIH-1 primary antibody from SantaCruz Biotechnology (Santa Cruz, CA; Cat. No. sc-26219) For loading control, mouse anti-beta actin monoclonal antibody from Sigma-Aldrich (St. Louis, MO; Cat. No. A3854) was used. After washing, the membranes were incubated with the secondary antibody, horseradish peroxidase (HRP)-conjugated donkey antigoat IgG (SantaCruz; Cat. No. sc-2056) and analyzed using enhanced chemiluminescence-plus reagent (GE Healthcare, Buckinghamshire, UK).
For Western blot quantification, densitometry was carried out using the ImageJ software (National Institutes of Health, Bethesda, MD). 
Luciferase Reporter Assay
A fragment of FIH-1 3 0 -untranslated region (3 0 -UTR) containing two miR-31 predicted binding sites at 105 bp and 767 bp distance from the 5 0 end of the 3 0 -UTR. was amplified from genomic DNA. The primers were designed to contain Nhe 1 and XbaI restriction sites, at the 5 0 and 3 0 ends, respectively (ACAGCTAGCCTGCCAGGGGTCAA and TGCCATCTAGAACTACAGCTTCA). The amplicons were cloned downstream of the firefly luciferase structural gene into vector pGL3 (Promega, Madison, WI). After ligation, recombinant clones with both orientations were obtained. Plasmid clones with the insert in reverse orientation were used as universal negative controls for the assay. A total of 8000 cells per well were seeded onto 96-well plates on the day prior to transfection, then transfected with miR mimics or inhibitors as described above. The constructed pGL3 vector and an internal control pRL-CMV (Renilla luciferase) vector (Promega) were cotransfected 24 hours after miR mimic transfection using Lipofectamine 2000 (Invitrogen). Twenty-four hours after plasmid vector transfection, the luciferase reporter assay was performed using a Dual-Glo luciferase assay kit (Promega). Luminescence intensity was measured by VICTOR2 fluorometry (Perkin Elmer, Waltham, MA), and the luminescence intensity of firefly luciferase was normalized to that of Renilla luciferase. Each treatment condition was performed in four replicates.
Ethical Considerations
Informed consent was obtained from the patients and all specimens were collected under approved IRB protocols at the Johns Hopkins University, University of Maryland, and Mount Sinai School of Medicine.
RESULTS
MiR Microarrays Identify Global miR Alterations
We hypothesized that neoplastic changes in IBD mucosae represent a continuum that culminates with frank colorectal cancer. Furthermore, we hypothesized that the neoplastic progression displays miR signatures unique to each step along the continuum. To identify the earliest changes indicative of neoplastic transformation, we performed miR microarray analyses on eight chronically inflamed and eight IBD-associated dysplastic rectal tissues. After filtering out miRs expressed below background intensity and setting a fold-threshold of 2, we identified 32 miR species that are differentially expressed between inflamed colonic tissue and dysplastic colonic tissue in background of IBD (Table 3) . Twenty-two miRs were found to be upregulated and 10 were downregulated in IBD-dysplasia versus inflamed colonic tissues.
Real-time Quantitative PCR Validates Microarray Data
We chose six miR species with differential expression between IBD and IBD-dysplasia specimens and validated their expression by real-time RT-PCR. Furthermore, we assessed the correlation between the fold-differences reported by arrays versus real time RT-PCR. Figure 1 shows that real-time RT-PCR data confirmed the differential expression for all six miRs. In addition, the fold difference reported by both methods was identical. These data establish both the feasibility and the reliability of our miR microarray-based screening strategy.
miR Expression Is Independent of Colonic Segment
There are significant genetic differences between right-and left-sided normal mucosae as well as between sporadic colorectal tumors arising in different colonic regions, suggestive of a different biologic predisposition to neoplastic transformation. 14 In order to establish a baseline miR expression level throughout the colon, we evaluated the expression level of miR-31 in several colonic segments. We hypothesized that miRs do not change in normal colonic mucosae and, therefore, altered miR expression will likely reflect a diseased state, rather than location bias. Alternatively, if miR expression changes from one normal colonic segment to another, then miR level in a diseased state needs to be compared to the level of miR in normal colon from the same segment. RNA from 55 specimens obtained from 14 patients with no history of IBD or GI cancer was used to perform real-time RT-PCR for miR-31. Figure 2 demonstrates that the expression level of miR-31 was similar between normal mucosae specimens from cecum, ascending, transverse, descending, sigmoid colon, and rectum. No statistical differences among the six anatomic location groups were observed.
Mir-31 Expression Parallels the Cancerous Progression in IBD
The miRNA array data demonstrated that the expression level of miR-31 increases in the progression from inflamed IBD colonic tissue to dysplasia within IBD colonic tissue. The next question that we addressed was if miR-31 changes at any other transition point in the continuum from noninflamed to inflamed to dysplastic to cancerous colonic tissue from patients with IBD. First, we compared colonic tissue from patients without IBD (N) with normal, unaffected colonic tissue from patients with IBD (N-IBD). MiR-31 was on average 5.5-fold higher in N-IBD versus N (Fig. 3A) , although the difference was only marginally significant (P ¼ 0.08, Student's t-test). The difference between N and N-IBD specimens suggests that the harbingers of neoplasia may already be present even in noninflamed colonic tissue from patients with IBD. To further investigate this hypothesis, we compared inflamed colonic tissues from patients with IBD to N. We found that miR-31 is 8.2-fold higher in IBD versus N. This comparison reaches statistical significance (P < 0.001, Student's t-test). We further dissected any potential correlations between miR-31 and clinicopathologic data. We obtained information regarding disease activity for 25 IBD patients. In patients with active IBD, miR-31 exhibited a 6.23-fold increase over the quiescent disease group (P ¼ 0.002, Student's t-test; Fig. 3B ). No statistically significant correlations with age, sex, duration of disease, or IBD type were found (Supporting Fig. 1A ,B, and data not shown).
Next, we assessed miR-31 expression in a cohort of specimens with dysplasia and frank colon cancer arising in IBD. No difference in miR-31 expression was noted between the IBD-dysplasia and IBD-carcinoma (Supporting Fig. 2A ). This finding suggests that miR-31 upregulation is an early event in the neoplastic transformation. From this point on we grouped all neoplastic tissues together. Within the IBDN group no correlation was observed Samples were grouped in accordance with their pathological status and compared using SAM software. A threshold of minimum 2-fold difference was used as exclusion criteria.
between miR-31 level and age, sex, or underlying IBD type (Supporting Fig. 2B , and data not shown). Overall, miR-31 was 61.38-fold higher in IBDN (P < 0.001, Student's t-test) compared with normal colon specimens from healthy patients and 11 times higher in IBDN versus IBD (P < 0.001, Student's t-test; Fig. 3A ). Taken together, these results suggest that miR-31 exhibits a stepwise progression from normal to chronic inflammation to neoplasia.
MiR-31 Accurately Differentiates Sporadic from IBD-associated Colon Cancer
The pathogenesis and multistep progression of IBDinduced colon carcinogenesis differ from that of sporadic colorectal cancer. [15] [16] [17] In agreement with our findings demonstrating elevated levels of miR-31 in IBDN, miR-31 was reported to be overexpressed in sporadic colorectal cancer versus normal colonic specimen. 18, 19 Nevertheless, while miR-31 overexpression appears to represent a common event in colorectal carcinogenesis, regardless of its 'unaffected' ' specimens from IBD patients; IBD ¼ ' 'affected' ' chronically inflamed specimens from IBD patients; IBDN ¼ neoplastic specimens from IBD patients; SCRC ¼ sporadic colorectal cancer specimens from patients with no history of IBD. Fold differences relative to the average for normal specimens group are displayed. Error bars represent standard error of the mean. (B) Comparison of miR-31 status with respect to disease activity. Individual miR-31 qRT-PCR levels were grouped according to their pathology. The average value for each group was calculated relative to the average miR-31 level for healthy colon mucosae. pathogenesis (i.e., sporadic versus IBD-associated), no published studies have yet directly addressed miR-31 in IBDNs versus sporadic colorectal cancers. Therefore, we first determined miR-31 expression levels in 15 sporadic colorectal cancers specimens. We confirmed that miR-31 expression is significantly increased in sporadic colorectal cancers compared to normal specimens (19.8-fold difference; P ¼ 0.013, Student's t-test; Fig. 3A) . Next, we compared expression levels of miR-31 in IBDNs directly with levels in sporadic colorectal cancers. MiR-31 expression was significantly higher in IBDNs than in sporadic colorectal cancers (3-fold difference; P ¼ 0.016, Student's t-test).
MiR-31 Is a Marker of Cancerous Transformation in IBD
Next, we evaluated the potential clinical utility of miR-31 expression as a disease marker for neoplasia in IBD (Fig. 4) . MiR-31 sharply differentiated IBDNs from completely normal colonic mucosae (Ns), as demonstrated by an area under the ROC curve (AUROC) of 0.997 (sensitivity 100%, specificity 98.2% at the point on the curve closest to the origin) for miR-31 qRT-PCR. In our comparison of IBDNs versus ''unaffected'' nonneoplastic IBD (N-IBDs), the AUROC was 0.933 (sensitivity 100%; specificity 77.3% at the point on the curve closest to the origin) for miR-31 qRT-PCR; while in our comparison of IBDNs versus inflamed but nonneoplastic IBD (IBDs), the AUROC was 0.877 (sensitivity 87.5%, specificity 71.4 at the point on the curve closest to the origin). These findings further demonstrate the strict correlation between miR-31 expression and step-wise progression from normal to inflammation to cancer in IBD. They also suggest potential usage of miR-31 as a biomarker of inflammatory-neoplastic progression in IBD.
FIH-1 Is a Direct Target of miR-31
MiRs negatively regulate gene expression by binding to complementary sequences within the 3 0 -UTRs of their targets and inhibiting protein translation. 5 In silico analysis of multiple independent databases using algorithms to predict miR biological targets identified factor inhibiting hypoxia inducible factor 1 (FIH-1) as a candidate target of miR-31. We sought to determine whether miR-31 interacts with the 3 0 -UTR of FIH-1 (Fig. 5A ). Compared to nonspecific negative control, miR-31-transfected HCT116 colon cancer cells demonstrated significantly lower FIH-1 3 0 -UTR luciferase activity (14.03%, P ¼ 0.001, Student's t-test). Reversing orientation of the FIH-1 3 0 -UTR did not altered the luciferase activity, confirming the direct nature of the interaction between miR-31 and the 3 0 -UTR of FIH-1 mRNA. To validate the modulating effect of miR-31 on FIH-1 expression, we determined FIH-1 protein levels by Western blotting (Fig. 5B,C) . In cells transfected with miR-31, FIH-1 was substantially reduced (46.63%) compared to cells transfected with a nonspecific control miR or with mimics of miR-21 (an miR with no predicted binding site within the 3 0 -UTR of FIH-1) and miR-224 (an miR that does have one predicted binding site within the FIH-1 3 0 -UTR) (Fig. 5B,C) . Thus, after determining that miR-31 downregulates FIH-1 protein levels by directly interacting with its 3 0 -UTR, we concluded that FIH-1 represents a direct target of miR-31 in colon cancer cells.
DISCUSSION
Dysregulated miR expression has been reported across a broad spectrum of human cancers, suggesting their involvement in carcinogenesis in general. Several studies have demonstrated that miRs can exhibit oncogenic as well as tumor-suppressive activity. A better understanding of miR expression alterations in human cancer may lead to improved diagnosis and management, ultimately leading to improved survival and quality of life for cancer patients.
Colorectal cancer represents a well-defined complication of long-standing colonic inflammation in patients with IBD. The risk of cancer increases with the extent and duration of colonic inflammation. Moreover, dysplasia identified in inflamed colonic mucosae correlates strongly with multiple concomitant foci of dysplasia or frank 'unaffected' ' specimens from IBD patients; IBD ¼ ' 'affected' ' chronically inflamed specimens from IBD patients; IBDN ¼ neoplastic specimens from IBD patients. Area under the ROC curve and optimal sensitivity and specificity for each comparison are shown.
carcinoma elsewhere in the same colon. Therefore, dysplasia in IBD often leads to total colonic resection, performed prophylactically to prevent the morbidity and mortality associated with colon cancer per se. Unfortunately, histopathologic diagnosis of dysplasia is problematic. Morphologic alterations associated with chronic inflammation make dysplasia difficult to diagnose and prone to subjective interpretation. 3 Current guidelines recommend that any lesion suspicious for dysplasia must be evaluated by two independent pathologists who specialize in GI pathology. It is therefore crucial to develop a better understanding of malignant progression in IBD, in the hope that this improved understanding will translate into a positive impact on the early diagnosis, management, and individualization of medical and surgical care for IBD patients.
To date, there have been no published reports describing the involvement of miRs in the pathogenesis, diagnosis, or prognosis of colonic neoplasia arising in the setting of IBD. In the current study we set forth to determine global miR expression alterations during neoplastic progression in IBD. In order to detect the earliest changes associated with neoplastic transformation, we first compared global miR expression levels in IBD-associated dysplasia versus chronically inflamed IBD specimens. This analysis identified aberrant expression of several miRs (Table 1) . These miRs are associated with neoplastic progression in IBD, and some may even play an etiologic role. Therefore, given the current diagnostic difficulties with correctly identifying dysplasia in IBD, it is attractive to speculate that at least some of these miRs may be applied to the early diagnosis or prediction of neoplastic progression in IBD.
We selected miR-31 for further studies because it was one of the most differentially expressed miR species between IBDs and IBDNs. Additionally, previous work from other laboratories found miR-31 to be upregulated in sporadic colorectal carcinomas. [18] [19] [20] However, its expression in IBD and IBD-associated cancers or dysplasias has not been previously reported.
To date, there are no studies describing the relationship between miR expression and colonic anatomic location. With miRs emerging as a new class of potential biomarkers for cancer diagnosis, this relationship becomes especially important in the context of differences between miR expression in right-versus left-sided colon, since current screening methods often miss right-sided lesions. Therefore, we sought to determine whether miR-31 expression levels were affected by colonic anatomic location. By systematically assessing the expression of miR-31 in 55 colonic mucosae specimens, we established that miR-31 expression levels do not differ among different anatomic locations. This finding suggests that, at least in the case of miR-31, dysregulated expression is indicative of a pathologic condition, rather than a location bias. We subsequently sought to comprehensively determine miR-31 expression levels in a large independent cohort of specimens collected at different stages of IBD-related neoplastic transformation. Our aim was to dissect changes in miR-31 expression as they occurred along the inflammation-cancer axis. We found that the expression of miR-31 becomes progressively higher during progression from normal colonic mucosae to inflamed tissue, with the highest level in cancer. The increase in miR-31 expression was independent of age, sex, anatomic location, stage, or differentiation grade (data not shown). This independence of clinical parameters suggests that miR-31 may be associated with inherently unique molecular pathways underlying IBD-associated colon carcinogenesis. Of note, a statistically significant increase in miR-31 expression was observed at both the dysplastic and cancerous stages versus chronically inflamed tissue in patients with IBD. This relatively early upregulation of miR-31 suggests that early changes associated with neoplastic transformation can be accurately diagnosed by elevations in miR-31. While it is difficult at this point to directly determine whether miR-31 plays an etiologic role in IBD-associated malignant transformation, its expression levels can potentially already be used to diagnose or predict early carcinogenesis.
Previous studies reported that miR-31 is upregulated in sporadic colorectal cancers. However, there have been no reports regarding miR-31 or any other miR expression in IBD-associated colon cancers. Our data demonstrate that miR-31 expression levels are significantly higher in IBD-associated cancers than in their sporadic colorectal counterparts. This result confirms that while there are similarities between IBDNs and sporadic colorectal cancers, there are also several important differences, including miR-31 expression levels. Increased miR-31 expression in IBDNs versus sporadic colorectal cancers may also be due to the marked inflammation associated with IBDNs. This finding may have great potential for clinical application, since miR-31 expression may ultimately be applied to the critical decision of colonic resection (in the case of IBD-related neoplasia) versus localized polypectomy/mucosal resection (in the case of sporadic neoplasia). Future studies in independent cohorts are required to evaluate and validate the performance of miR-31 qRT-PCR levels in this context.
The ability to isolate nucleic acids suitable for molecular analyses from serum samples provides a powerful venue for biomarker discovery and application. Recent studies have demonstrated that due to their small size, as well as to their containment within protein complexes, miRs are more resistant to degradation than are mRNA or DNA, and therefore potentially more suitable as bloodbased biomarkers for early cancer detection. 21 Interestingly, results of TaqMan low-density array qRT-PCR profiling did not detect miR-31 in human plasma from a healthy donor. 21 Since its normal level is virtually zero, it is tempting to speculate that if miR-31 was released into the blood by cellular breakdown or apoptosis in IBD patients, it would be stable and easily detected.
The progressive increase we observed in expression levels from normal to chronically inflamed mucosae to dysplasia and frank cancer mirrors the IBD-related adenocarcinoma sequence. Determining the actual functions of miR-31 in colon inflammation and carcinogenesis may provide valuable new insights crucial to our understanding of biological events that promote evolution from chronic inflammation to carcinoma in general.
The requirement for neovascularization is universal to all solid tumors, including colon cancers. Pathological angiogenesis has been shown to play a pivotal role in tumor progression and metastasis. 22 Experimental and clinical studies have demonstrated that angiogenesis also plays a pivotal role in IBD. 23 Studies have shown that inhibition of angiogenic response in IBD attenuates disease pathology. 24, 25 The mechanism of tumor angiogenesis is primarily mediated by hypoxia through chronic activation of the hypoxia inducible factor (HIF) pathway, leading to the production of vascular endothelial growth factor and basic fibroblast growth factor. [26] [27] [28] Interestingly, in our study, miR-31 negatively regulates FIH-1. FIH-1 is a hydroxylase that catalyzes the posttranslational modification of HIF. Hydroxylation of HIF1 both causes its degradation and limits its activity. Sustained increased expression of miR-31 during chronic inflammation could therefore translate into decreased FIH-1 repressor activity, allowing for increased transcription of HIF1-regulated genes. While this article was in preparation, a new functional study describing the FIH-1 regulation in head and neck squamous cell carcinoma by mir-31 was published. 29 The authors also demonstrated that ectopic miR-31 expression increased oncogenic phenotypes of head and neck squamous cell carcinoma cells under normoxic conditions in cell culture or tumor xenografts.
The current study brings several critical advances: 1) this is the first study to assess the expression of any miRs in colonic dysplasia and cancer arising in IBD; 2) this is the first report assessing the expression of any miR in distinct colonic anatomic locations, with the purpose of identifying potentially confounding changes related to location rather than pathology per se; 3) this is the first report to identify miR-31 as a significantly differentially expressed miR species along the axis of inflammation to cancer in IBD; 4) this study demonstrates that miR-31 can accurately discriminate between IBD-associated and sporadic colonic neoplastic lesions; and 5) this study suggests that miR-31 is a potential biomarker for the early detection or prediction of dysplasia and colorectal carcinoma developing in patients with IBD. Notably, all of these findings were demonstrated in a large cohort of patient specimens. Finally, this study identifies FIH-1, a repressor of the proangiogenic hypoxia-inducible factor HIF1, as a direct target of miR-31 in colon cancer cells.
